Aims/hypothesis We estimated the cost-effectiveness of atorvastatin treatment in the primary prevention of cardiovascular disease in patients with type 2 diabetes using data from the Collaborative Atorvastatin Diabetes Study (CARDS). Subjects and methods A total of 2,838 patients, who were aged 40 to 75 years and had type 2 diabetes without a documented history of cardiovascular disease and without elevated LDL-cholesterol, were recruited from 32 centres in the UK and Ireland and randomly allocated to atorvastatin 10 mg daily (n=1,428) or placebo (n=1,410). These subjects were followed-up for a median period of 3.9 years. Direct treatment costs and effectiveness were analysed to provide estimates of cost per endpoint-free year over the trial period for alternative definitions of endpoint, and of cost per life-year gained and cost per quality-adjusted lifeyear (QALY) gained over a patient's lifetime. Results Over the trial period, the incremental cost-effectiveness ratio (ICER) was estimated to be £7,608 per year free of any CARDS primary endpoint; the ICER was calculated to be £4,896 per year free of any cardiovascular endpoint and £4,120 per year free of any study endpoint. Over lifetime, the incremental cost per life-year gained was £5,107 and the cost per QALY was £6,471 (costs and benefits both discounted at 3.5%). Conclusions/interpretation Primary prevention of cardiovascular disease with atorvastatin is a cost-effective intervention in patients with type 2 diabetes, with the ICER for this intervention falling within the current acceptance threshold (£20,000 per QALY) specified by the National Institute for Health and Clinical Excellence (NICE).
Introduction
Cardiovascular disease (CVD) is a major cause of morbidity and mortality in people with diabetes, who represent approximately 3% of the UK population and account for between 10% and 15% of patients admitted to hospital with myocardial infarction [1, 2] . At 20%, case fatality is higher than in the non-diabetic population [3] . There is now strong evidence that lipid-lowering therapy is effective in reducing CVD [4] [5] [6] , but the cost-effectiveness of statins in the primary prevention of CVD in people with diabetes has not been assessed adequately.
The Collaborative Atorvastatin Diabetes Study (CARDS) recently established that treatment of type 2 diabetic patients with atorvastatin (10 mg daily) is effective in the primary prevention of CVD [7] , with a 36% reduction in CHD events and a 48% reduction in stroke over the trial period. The economic implications of these results in terms of healthcare expenditure require investigation. This paper reports on the cost-effectiveness of atorvastatin in the primary prevention of CVD using the CARDS data over the duration of the trial and a patient's lifetime.
Subjects and methods
Trial design and population The design of CARDS, the baseline characteristics of the patient population and the main clinical outcomes have been published previously [7] . The study was a randomised controlled trial designed to assess the effectiveness of atorvastatin 10 mg daily in the primary prevention of major cardiovascular events in patients with type 2 diabetes and without elevated levels of LDL-cholesterol. The trial population consisted of 2,838 patients with type 2 diabetes and no documented prior history of CVD, but with at least one of the following CVD risk factors: retinopathy, micro-or macroalbuminuria, current smoking or hypertension. Eligible patients had an LDL-cholesterol ≤4.14 mmol/l (160 mg/dl) and a fasting triacylglycerol ≤6.78 mmol/l (600 mg/dl). The distribution of age, sex and ethnicity, duration of diabetes, HbA 1c levels and history of retinopathy, hypertension and existing treatment was the same in both treatment arms at baseline. The mean age of the CARDS population was 62 years, with the majority of patients being white (94%) and with men predominating (68%). The median length of follow-up was 3.91 years in the placebo and 3.94 years in the actively treated patients. The primary endpoint in the trial was defined as time to one of the following events: acute CHD (myocardial infarction including silent infarction, unstable angina, acute CHD death), coronary revascularisation procedure, resuscitated cardiac arrest or stroke [7] .
Economic perspective The analysis in this paper assesses the cost-effectiveness of the intervention from the perspective of a healthcare purchaser as represented by the UK National Health Service. Only the direct costs to the health service are therefore taken into account. Two time horizons are considered in this study. The first corresponds to the duration of the CARDS trial, and consequently the incremental costeffectiveness ratio (ICER) is based on the within-trial effectiveness. The second extends to a patient's lifetime, and the cost-effectiveness of the intervention is expressed as incremental cost per life-year gained and incremental cost per quality-adjusted life-year (QALY) gained.
Endpoints The within-trial ICER was calculated for three definitions of clinical endpoints following those used in the CARDS study. The first, referred to as any primary endpoint, is a composite measure that comprises fatal and non-fatal myocardial infarction, silent myocardial infarction, CHD death, unstable angina, coronary artery revascularisation, resuscitated cardiac arrest and fatal and non-fatal stroke (i.e. major CVD events). A broader secondary endpoint was defined as 'any cardiovascular endpoint' and it encompassed any major CVD event, as well as angina, requiring acute hospital attendance, other acute CHD events, non-fatal transient ischaemic attack, peripheral vascular disease requiring hospitalisation and other acute hospitalised non-fatal cardiovascular events (i.e. all CVD events). A third endpoint definition comprised all study endpoints recorded within the CARDS trial (i.e. any CVD event and death from any cause). The measure of effectiveness was thus defined as the time that a patient was free of the endpoint under study. The ICER was calculated for the within-trial population as the incremental cost per event-free time for the three composite endpoints defined above and for the lifetime extrapolation as both incremental cost per life-year gained and QALY gained.
Resource consumption and costs Data were collected for each patient in the study, recording the dosage and the start and end date of the trial drug (on the atorvastatin arm) and the use of any additional statin therapy for both treatment arms, as well as the number of clinic visits, the tests performed at these visits and the hospitalisations for endpoints. The dates of admission and discharge were recorded for all hospitalisations, and a study endpoint was assigned to each hospitalisation providing the main reason for admission. Dates of admission and discharge relating to hospitalisation for serious adverse events were not recorded in the trial owing to data collection constraints. However, as serious adverse events only affected approximately 1% of patients in each arm and the incidence and case-mix of serious adverse events were similar for the two trial arms, serious adverse events were excluded from the analysis.
Unit cost information was combined with individual resource volumes to calculate the direct treatment cost per patient over the study period. Various sources provided data on the unit costs, all of which are reported in 2003/2004 prices in pounds sterling (mean exchange rate GBP/Euro on 1 January 2004: €1.43 to £1.00). Drug unit cost information was obtained from the British National Formulary [8] . Clinic visit and laboratory test unit costs were based on the Personal and Social Services Research Unit costing of health and social care [9] . Hospital care unit costs were based on the UK Department of Health hospital tariffs [10] converted into per day costs for each of the hospital episodes recorded in the study. These were then combined with the individual patient length of hospital stay to derive the total cost of inpatient stay for each patient (see Electronic supplementary material [ESM] Table 1 ). All costs were discounted at the 3.5% per year rate as recommended by the National Institute for Health and Clinical Excellence (NICE) [11] , and a mean cost per patient over the study period was calculated for each arm of the study.
Lifetime extrapolation Given the chronic nature of type 2 diabetes, an analysis of cost and effectiveness over lifetime was undertaken to evaluate the long-term use of atorvastatin therapy. In this analysis, the results from the CARDS trial were extrapolated to estimate the incremental cost per life-year gained and the incremental cost per QALY gained with atorvastatin 10 mg over a patient's lifetime. The main assumption was that treatment with atorvastatin continued over the duration of a patient's life, with an associated continuing treatment benefit represented by the difference in cumulative survival between the two arms observed at the end of the CARDS trial. It was further assumed that if an individual from the placebo population experienced a non-fatal CVD event, he or she was switched to atorvastatin therapy for the duration of their remaining lifetime.
A non-parametric approach was adopted in the extrapolation of the CARDS results beyond the end of the trial period using life tables. Alternative parametric models were also considered, but the application of this method was unsuccessful because of the small number of fatal events observed over the trial period in both arms of the trial. Thus, the calculation of future life-year gains was based on the assumption of continuing treatment with atorvastatin and maintained treatment benefit beyond the trial end applied to the mortality rates of a UK population of patients with type 2 diabetes drawn from a recent longitudinal study [12] . Comparison of the age-and sex-specific cumulative hazard rates for the CARDS placebo population and this UK longitudinal study of patients with type 2 diabetes showed no significant difference. Thus, lifetime cumulative mortality for the placebo population was estimated from the derived life expectancy in this longitudinal analysis of a type 2 diabetic population in the United Kingdom [12] . The lifetime atorvastatin cumulative mortality was based on the assumption that the therapeutic benefit observed at the end of the CARDS study was maintained over a patient's lifetime. The assumption of continuing on-treatment benefit is justified given the acknowledged long-term benefits of statin therapy with continued treatment [13] . Furthermore, given the early termination of the trial, this is likely to be a conservative estimate of treatment benefit. The gain in life-years was then estimated as the difference in the area under the extrapolated cumulative survival curves between the two groups.
This may be regarded as a conservative estimate, as it models the gain in life expectancy arising solely from differences in fatal events without taking account of the impact of non-fatal events on subsequent mortality. That is, differences in life expectancy may be attributed to atorvastatin, as this treatment is also associated with lower rates of nonfatal CVD events, which are expected to lead to lower subsequent mortality. The impact of non-fatal events on subsequent mortality was recognised by the United Kingdom Prospective Diabetes Study (UKPDS) investigators and was modelled explicitly in their extrapolation of the UKPDS trial results over a patient's lifetime [14] . In the sensitivity analysis in this study, a further supplementary assumption was made, namely that non-fatal CVD events were associated with an increase in the annual probability of mortality in the same manner and using the same calculations adopted by the UKPDS investigators [14] . To undertake this part of the analysis, it was necessary to extrapolate non-fatal CVD event rates beyond the trial end. This was undertaken on the assumption that subsequent event rates were equal to those observed in the final year of trial follow-up and that this difference was maintained over time.
QALYs Quality-of-life assessment was based on estimated differences in quality-of-life tariffs owing to differences in non-fatal CVD events. Each non-fatal CVD endpoint was assumed to be associated with a specific decrease in a patient's quality of life. The value of this decrease was obtained from the analysis of the quality-of-life scores of patients with type 2 diabetes by the UKPDS investigators (UKPDS 62) [15] . The mean European Quality of Life 5-dimensions (EQ-5D) tariff score for their diabetic population was 0.77 (SD=0.27). The incremental change in this aggregate value was calculated for myocardial infarction, ischaemic heart disease and stroke as −0.055 (95% CI. −0.067, −0.042), −0.09 (95% CI. −0.126, −0.054) and −0.164 (95% CI.−0.222, −0.105), respectively. QALYs gained in this analysis were calculated applying these incremental changes in quality-of-life scores to the relevant non-fatal CVD events reported by CARDS. This leads to an estimate of changes in quality-of-life scores (from the reference case of 0.77) in each of the trial arms directly relating to the observed non-fatal CVD events, which in turn, combined with estimated life expectancy in each treatment arm, allows calculation of the gain in QALYs attributable to atorvastatin.
Calculation of the associated cost is based on the assumption of continuing atorvastatin therapy over the patient's lifetime as described previously. If patients in the placebo arm had a CVD event, they were switched to statin therapy and this continued over their remaining lifetime, while the cost of a non-fatal CVD event for both the treatment and the placebo population was estimated as a weighted average with the weights reflecting the proportions of different types of CVD events occurring within the trial period. Indeed data on the within-trial population showed that a small number of patients in the placebo population, fewer than 10%, were administered a statin during the trial period.
Sensitivity analysis As mentioned previously in the section on lifetime extrapolation, part of the sensitivity analysis addressed the impact of non-fatal CVD events on the probability of subsequent mortality. Further sensitivity analysis was undertaken in the extrapolation. First, one-way parameter sensitivity analysis was performed on the unit cost of atorvastatin, assuming a 15% decrease in the unit cost of atorvastatin-a change that would move the statin under study towards a generic statin price level. Secondly, a different comparator treatment was considered by decreasing the event rates observed within the placebo population in such a manner that the level of effectiveness became similar to the level of effectiveness of a generic statin population for the placebo population. In addition, probabilistic sensitivity analysis was undertaken to address the uncertainty associated with the survival probabilities used in the extrapolation of the cumulative survival curves. For each year beyond the trial end, the cumulative survival probability for the atorvastatin arm was assumed to be drawn from an underlying (uniform) distribution bounded by the cumulative survival probabilities for the previous and the next years of extrapolation. This change in the probability values results in different estimates for the cost of atorvastatin and for the incremental cost per QALY. The process of changing the probability values was repeated 1,000 times and the empirical distribution of the resultant ICERs is reported in the results section. A final analysis calculated within-trial and extrapolated ICERs for high-, medium-and low-risk populations. The UKPDS risk engine was applied to the CARDS population to predict the probability of a CHD event for each CARDS patient, and the findings were then used to assign CARDS subjects to a risk tertile. The resultant ICER was then calculated for each of these risk tertiles. Figure 1 displays the within-trial cumulative hazard curves for both arms of the trial for the primary endpoint in the CARDS trial. Table 1 shows the estimates of effectiveness used in the calculation of the within-trial period ICERs. The table also reports the total number of endpoints for each of the definitions. The difference in the mean time to event between the two arms of the study (discounted at 3.5% per year) forms the basis of the effectiveness measure. Thus, it can be seen that after discounting benefits, the within-trial gain in effectiveness ranges between 0.0078 and 0.126 years for the broadest endpoint definition. Over the total study period, the difference in average discounted treatment cost is £521 per patient (ESM Table 2 ). Table 2 presents the within-trial calculated ICERs for all definitions of endpoints. Based on the within-trial analysis, it costs £7,608 on average to gain a year of life free from any primary endpoint. The ICER is £4,896 per CVD endpoint-free year and £4,120 per any trial endpoint-free year. In addition, the estimated cost per CARDS primary endpoint averted is £16,916. Confidence intervals for the ICER were calculated using Fieller's method [16] , while the cost-effectiveness acceptability curve for the primary trial endpoint is reported in Fig. 2 and shows the probability that the intervention is cost-effective for different ceiling values of ICER. Based on the calculated ICER relating to any primary trial endpoint, there is a 50% likelihood that the cost per primary endpoint-free year is below £7,608 and a 90% likelihood that it is below £9,000. Lifetime Table 3 reports the extrapolated results on life expectancy. As can be seen, life expectancy was estimated to be 17.29 years (undiscounted) and 12.48 years (discounted) (at 3.5% per annum) on average in the placebo population and 18.20 years (undiscounted) and 12.97 years (discounted) in the atorvastatin population, resulting in a gain of 0.49 years (discounted) attributable to atorvastatin therapy over a patient's lifetime. The ICER was £5,107 per life-year gained with costs and effects discounted at 3.5%, and the incremental cost per QALY was £6,471 with costs and effects discounted at 3.5%. The treatment costs are dominated by the cost of atorvastatin, which is calculated to be £3,117 per patient over lifetime. The second most important cost category is the cost of drug therapy for those on placebo who are assumed to switch to atorvastatin following a CVD event (£162 per patient over lifetime discounted at 3.5%).
Results

Within-trial
Sensitivity analysis Assuming a 15% decrease in the unit cost of atorvastatin, which brings the price of atorvastatin closer to a generic statin price, the resultant cost per primary endpoint-free year fell to £5,928 (the ICER was £3,831 per any CVD endpoint-free year and £3,223 per any study endpoint-free year), while the cost per life-year gained fell to £4,203 and the cost per QALY fell to £5,325 (discounting Threshold cost per time free of primary endpoint (£s) Probability intervention attains threshold value Fig. 2 Within-trial cost-effectiveness acceptability curve both costs and effects by 3.5%). Sensitivity analysis also assessed the impact of a first non-fatal CVD event on subsequent mortality. Using the annual probability value of a fatal CHD and a fatal stroke event following a first non-fatal event of 0.004 reported by the UKPDS investigators [14] , the additional gain in life expectancy attributable to treatment with atorvastatin was assessed and the resulting ICERs are also reported in Table 3 . The cost per life-year gained is now £5,116 and the cost per QALY is £6,848 (both costs and effects discounted at 3.5% per year).
Results relating to lifetime cost-effectiveness were based on extrapolation of within-trial results by matching individuals by age and sex to estimate average population effects. This extrapolation did not yield individual patient costs, survival or QALYs, and therefore uncertainty in the estimates cannot be assessed by means of confidence intervals. Statistical inference cannot be applied directly to these calculations. Instead, uncertainty was address by introducing randomness into the estimates using simulation. This resulted in an empirical distribution of the incremental cost per QALY, as presented in Fig. 3 , based on a simulation of 1,000 replications of the average cumulative survival probability. The resultant ICER ranged from £3,321 to £14,547 with most of the values lying between £6,000 and £8,000.
Sensitivity analysis was also used to investigate the incremental cost-effectiveness of atorvastatin compared with a lower-dose statin priced at 10% of the unit cost of atorvastatin. In the CARDS trial, a relative risk reduction of 32% on all CVD events was observed with atorvastatin. If the findings of Pedersen et al. [17] are transferable to the CARDS population, a 16% relative risk reduction, reflecting high-and low-dose use, may be assumed. Applying this relative risk reduction to the CARDS cumulative mortality rates, the resultant cost per QALY is £10,568 (both costs and effects discounted at 3.5%). Tables 4 and 5 report the within-trial and extrapolated ICERs when the CARDS population was classified according to predicted risk of heart disease into high-, mediumand low-risk groups. The risk populations were defined by allocating the CARDS population to risk tertiles with the help of the UKPDS risk engine [18] . Individual patient characteristics from the CARDS trial population were used to populate the UKPDS risk engine and the estimated 5.5-year risk of a CHD was calculated. In applying the UKPDS risk model for CHD, which is an incidence model, adjustment was made to the CARDS patients' ages to reflect their age at the point of diagnosis with type 2 diabetes. Use of the UKPDS model to identify risk tertiles is justified in that the modelled survival probabilities fall within the 95% non-parametric confidence intervals of the rates observed within the CARDS study for the relevant population endpoints. Indeed, there was a slight overprediction of the survival rates for the placebo population and a slight under-prediction of these rates for the atorvastatin group, indicating that use of the UKPDS model in this manner may have led to conservative estimates. The estimated probabilities formed the basis of a risk distribution, which was then divided into tertiles. The resultant ICERs for the within-trial analysis ( Fig. 3 Incremental cost-effectiveness ratios (ICERs) from probability sensitivity analysis £2,077 per CVD endpoint-free year for the high-risk group and £5,983 per CVD endpoint-free year for the low-risk group. The ICERs for the lifetime analysis (Table 5 ) are calculated to be £4,001 per QALY for the high-risk group, £8,523 for the medium-risk group and £20,781 for the lowrisk group.
Discussion
The recognition that patients with diabetes have a higher risk of developing CVD than the general population is reflected in current UK guidelines including those from the National Service Framework [19] and the Joint British Recommendations [20] . The latest evidence suggests that most patients with diabetes, even those without raised cholesterol or established CVD, would benefit from statin treatment [21, 22] . Even though prescription of statins has increased since the introduction of national guidelines, statin use in the United Kingdom appears to lag behind that of many parts of Europe and the United States [23] ; therefore, many patients are denied effective treatment. This may be explained in part by a lack of information on the economic consequences of statin treatments in both the short and longer term, particularly in primary prevention. This analysis supports the use of atorvastatin in the primary prevention of CVD in patients with type 2 diabetes by showing that this intervention, apart from being clinically effective, is also cost-effective under a range of assumptions. The calculated ICERs fall within the NICE costeffectiveness threshold of £20,000 per QALY, and on this basis, treatment with atorvastatin in the primary prevention of CVD in patients with type 2 diabetes favourably compares with competing healthcare interventions [11] .
The results of this analysis need to be interpreted with some caution because of the following limitations. First, no account was taken of co-medications other than concomitant statin use. This might be considered an important omission given the high level of co-medication in the CARDS diabetic population. However, the proportion of patients on approximately 20 major categories of comedication showed no statistical difference in usage between the two arms of the trial. For instance, similar proportions of patients in the two arms of the trial were on oral hypoglycaemic medication (65%), insulin (14%) and antihypertensive agents (84%). Secondly, no account was taken of the degree of compliance. Nor was any account taken of serious adverse events, the rate of which was low and similar in both arms (1.1%). Despite these limitations of the analysis, the reported results are most probably conservative, given the assumptions underlying the extrapolation, and the results of the sensitivity analyses.
The within-trial analysis reported by the Heart Protection Study investigators suggests that statin therapy is costeffective across a wide range of individuals [24] . The present study supports this finding by using the evidence gained from CARDS to assess the cost-effectiveness of atorvastatin therapy in the primary prevention of CVD in a patient population with type 2 diabetes. CARDS therefore makes an important contribution to the clinical and economic evidence with regard to the primary prevention of CVD in patients with type 2 diabetes, which may aid the NICE technology appraisal of the use of statins in coronary heart disease. This finding holds even when a low-risk population is considered. In line therefore with current UK recommendations and given the proven clinical benefits and the ICERs reported here, primary prevention of CVD with atorvastatin is justified as a standard intervention in patients with type 2 diabetes.
